Targeting heat shock response to sensitize cancer cells to proteasome and Hsp90 inhibitors.
Novel classes of anticancer drugs, including proteasome inhibitors and Hsp90 inhibitors, potently induce heat shock proteins (Hsps). Because Hsps show antiapoptotic activities, we suggested that suppression of such induction may sensitize cancer cells to these drugs. Here, we knocked out the major heat shock transcription factor HSF-1 in several cancer cell lines using small interfering RNA and showed that such cells, which can no longer induce Hsps in response to proteasome and Hsp90 inhibitors, become more sensitive to these drugs. Furthermore, we developed a high-throughput screen for small molecules that inhibit induction of Hsps. The first step was a cell-based screen for inhibitors of Hsps-mediated luciferase refolding followed by a counterscreen for toxicity. The second step was a direct testing for inhibition of Hsp induction by immunoblotting with anti-Hsp72 antibody. After screening of 20,000 compounds from several diversity libraries, we focused on a compound we called NZ28, which potently inhibited induction of Hsps by heat shock, proteasome, and Hsp90 inhibitors in a variety of cell lines, and showed no significant toxicity. After testing of a set of analogues of NZ28, we identified a structural element that was critical for the activity. We also identified another inhibitor of the Hsp induction that was practically nontoxic. This compound, which we called emunin, strongly sensitized myeloma cells to proteasome and Hsp90 inhibitors and prostate carcinoma cells to proteasome inhibitors. This work indicates that targeting the heat shock response may facilitate use of proteasome and Hsp90 inhibitors for cancer treatment.